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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Delbert Raymond Cecchi, having a post office address and a 
residence address at 2619 Ehncrofl Drive S.W., Rochester, Minnesota 55902, a citizen of USA; 
Charles C. Hanson, having a post office address and a residence address at 8425 520th Street, 
Kenyon, Minnesota 55947, a citizen of USA; and Curtis Walter Preuss, having a post office 
address and a residence address at 5150 Timberidge Court S.E., Rochester, Minnesota 55904, a 
citizen of USA, have invented new and useful improvements in a 

CMOS LOW VOLTAGE fflGH-SPEED DIFFERENTIAL AMPLIFIER 
for which the following is a specification. 
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CMOS LOW VOLTAGE HIGH-SPEED DIFFERENTIAL AMPLIFIER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to electronic circuits and, more specifically, to a CMOS 
differential amplifier that reduces the speed-limiting effects of capacitance, as well as reducing 
the required level of the supply voltage. 

2, Description of the Prior Art 

Differential amplifiers sense two input signals and output a signal that is a fimction of the 
difference in values of the two input signals. One type of differential amplifier employs 
complementary metal-oxide semiconductor (CMOS) integrated circuits. CMOS differential 
amplifiers are used for various applications because a number of advantages can be derived from 
these types of amplifiers, as compared to single-ended amplifiers. Differential amplifiers are 
used to amplify analog, as well as digital signals, and can be used in various implementations to 
provide an output from the amplifier in response to differential inputs. They can be readily 
adapted to fimction as an operational amplifier, a comparator, a sense amplifier and as a front- 
end buffer stage for another circuit. Differential amplifiers are used where linear amplification 
having a minimum of distortion is desired. 

However, a typical differential amplifier will operate only over a relatively narrow range 
of common-mode input voltages. As the amplifier is forced to extend beyond this small range 
of common-mode voltages, the differential-mode gain drops off sharply and in some instances 
drops to zero. 

One technique for improving the range of this common-mode input voltage range is 
described in U.S. Patent No. 4,958,133, issued to Bazes, which discloses complementary pairs 
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of transistors that are symmetrically configured. Corresponding symmetrical transistors are 
matched to have the same characteristics. Because of the biasing scheme, negative feedback is 
provided internally within the amplifier to provide the low sensitivity to variations. A strong 
common-mode rejection is provided because of the self-biasing scheme, in order to provide an 
extended range of common-mode input voltages, but at the same time providing a high gain in 
differential-mode amplification. Certain transistors employed in a device according to the Bazes 
patent exhibit capacitance, which limits the response speed of the amplifier. 

Therefore, there is a need for a differential amplifier that reduces speed-limiting effects 
of capacitance. 

SUMMARY OF THE INVENTION 

The disadvantages of the prior art are overcome by the present invention which, in one 
aspect, is a self-biasing differential amplifier that employs passive elements (such as resistors) 
rather than active elements (such as transistors) to bias the amplification elements so that the 
amplification elements operate in saturation mode. 

The passive biasing elements, which exhibit less capacitance than the corresponding 
active elements, reduce the response time associated with the differential amplifier. 

These and other aspects of the invention will become apparent fi*om the following 
description of the preferred embodiments taken in conjunction with the following drawings. As 
would be obvious to one skilled in the art, many variations and modifications of the invention 
may be effected without departing from the spirit and scope of the novel concepts of the 
disclosure. 
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BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS 

FIG. 1 is a block diagram of one embodiment of the invention. 

FIG. 2 is a schematic diagram of one illustrative embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

5 A preferred embodiment of the invention is now described in detail. Referring to the 

drawings, like numbers indicate like parts throughout the views. As used in the description 
herein and throughout the clauns, the following terms take the meanings explicitly associated 
herein, unless the context clearly dictates otherwise: the meaning of "a," "an," and "the" 

S includes plural reference, the meaning of "in" includes "in" and "on." 

1 Jj As shown in FIG. 1 , one embodiment of the invention is a differential amplifier 100 for 

5 a providing cominon-mode rejection while providing differential-mode amplification. The 

differential amplifier 100 includes an active differential amplification element 110 and a passive 
O bias element 120. The active differential amplification element 110 is electrically coupled to a 
|i' first input signal 112, a second input signal 114 and an output signal 116. It is also electrically 
l5 coupled to a first voltage VI and a different second voUage V2. Typically, the second voltage 
V2 is a common ground. The passive bias element 120 is electricaUy coupled to the active 
differential amplification element 110 and is capable of biasing the active differential 
amplification element 110 so that the active differential amplification element 110 operates in a 
saturation mode and generates the output signal 116 so that the output signal 116 corresponds 
20 to a voltage difference between the first input signal 112 and the second input signal 114. 

As shown in FIG. 2, the differential amplification element may be embodied as an 
amplifier circuit 200 that includes a first transistor 232 that has a first source electrically coupled 
to the first voltage 202, a first gate electrically coupled to a first node 250 and a first drain. 
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Node 250 is a bias node. The circuit 200 also includes a second transistor 234 that has a second 
drain, a second gate electrically coupled to the first node 250 and a second source electrically 
coupled to the second voltage 204. A third transistor 236 has a third source electrically coupled 
to the first voltage 202, a third drain and a third gate electrically coupled to the &st node 250. 
5 A fourth transistor 238 has a fourth drain, a fourth gate electrically coupled to the first node 250 
and a fourth source electrically coupled to the second voltage 204. A fifth transistor 212 has a 
fifth source electrically coupled to the first voltage 202, a fifth drain electrically coupled to a 
second node 252 and a fifth gate electrically coupled to the first node 250. A sixth transistor 
214 has a sixth drain electrically coupled to a third node 254, a sixth gate electrically coupled to 
10 the first node 250 and a sixth source electrically coupled to the second voltage 204. A seventh 
transistor 242 has a seventh source electrically coupled to the second node 252, a seventh drain 
electrically coupled to the second drain, and a seventh gate electrically coupled to a first input 
S signal 112. An eighth transistor 244 has an eighth drain electrically coupled to the first drain, 
1 and an eighth source electrically coupled to the third node 254 and an eighth gate electrically 
iM coupled to the first input signal 112. A ninth transistor 246 has a ninth source electrically 
y coupled to the second node 252, a ninth gate electrically coupled to a second input signal 114 
*^ and a ninth drain electrically coupled to the fourth drain. A tenth transistor 248 has a tenth 
O drain electrically coupled to the third drain, a tenth gate electrically coupled to the second input 
H signal 114 and a tenth source electrically coupled to the third node 254. The passive bias 
M element 220 includes: a first resistor 222 electricaUy coupling the first drain to the first node 
^ 250, a second resistor 224 electrically coupling the second drain to the first node 250, a third 

resistor 226 electrically coupling the third drain to an output signal 116 and a fourth resistor 228 
electrically coupling the fourth drain to the output signal 116. 

In this embodiment, the fiirst transistor 232, the third transistor 236, the fifth transistor 
25 212, the seventh transistor 242 and the ninth transistor 246 are p-channel devices, whereas the 

second transistor 234, the fourth transistor 238, the sixth transistor 214, the eighth transistor 
244 and the tenth transistor 248 are n-channel devices. As would be clear to one of ordinary 
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skill in the art, other types of transistors, or other electronic amplification elements, would be 
freely interchangeable with the devices shown in FIG. 2. 

In a single chip embodiment, the resistors 222, 224, 226 and 228 may be formed in a 
polysilicon layer, as is generally known in the art. Such resistors have approximately one 
tenth the capacitance of a transistor gate of similar size. Other process methods can be used to 
form resistors on the chip and yield similar results 

The above described embodiments are given as illustrative examples only. It will be 
readily appreciated that many deviations may be made from the specific embodiments disclosed 
in this specification without departing fi-om the invention. Accordingly, the scope of the 
invention is to be determined by the claims below rather than being limited to the specifically 
described embodiments above. 



